Effects of 12-O-Tetradecanoyl-Phorbol and Sodium Lauryl Sulfate on the Production and Expression of Cytokines and Proto-Oncogenes in Photoaged and Intrinsically Aged Human Keratinocytes  by Suh, Dae Hun et al.
Effects of 12-O-Tetradecanoyl-Phorbol and Sodium Lauryl
Sulfate on the Production and Expression of Cytokines and
Proto-Oncogenes in Photoaged and Intrinsically Aged Human
Keratinocytes
Dae Hun Suh, Jai Il Youn, and Hee Chul Eun
Department of Dermatology, Seoul National University College of Medicine, Clinical Research Institute, Seoul National University Hospital, Seoul,
Korea
Skin aging may be divided into photoaging and
intrinsic aging. The purpose of this study
was to investigate the effects of 12-O-tetradecanoyl-
phorbol-13-acetate and sodium lauryl sulfate on the
production and expression of cytokines and proto-
oncogenes in photoaged and intrinsically aged skin,
compared with young skin. Keratinocytes were taken
from newborns, young adults in their twenties, and
from the forearm and thigh of volunteers in their
®fties and seventies. Interleukin-1a and -6, and inter-
leukin-1 receptor antagonist, c-fos and c-myc were
measured after cultured keratinocytes had been
treated with 12-O-tetradecanoyl-phorbol-13-acetate
and sodium lauryl sulfate. There has been no report
concerning the dependence of cytokine production
by sodium lauryl sulfate upon photoaging and
intrinsic aging. This study also involves the ®rst
investigation of the effects of aging on c-myc expres-
sion by 12-O-tetradecanoyl-phorbol-13-acetate treat-
ment. Cytokine production decreased markedly with
age. These results suggest the progressive decline of
cellular function with age. The ratio of cytokine pro-
duction in the irritant-treated group compared with
that in the control group showed a different pattern
in photoaging and intrinsic aging. With the signi®-
cant difference between photoaging and intrinsic
aging, T/C ratio decreased in interleukin-1a and
interleukin-1 receptor antagonist upon aging,
whereas it increased in interleukin-6. S/C ratio was
uniquely elevated on photoaged skin in the 50 y age
group. It is suggested that photoaged skin shows an
exaggerated reaction to surfactant. Compared with
the control, c-fos expression in 12-O-tetradecanoyl-
phorbol-13-acetate-treated keratinocytes decreased
with age in the thigh, but increased in the photoaged
skin of forearm. The increased c-fos expression in
12-O-tetradecanoyl-phorbol-13-acetate-treated kera-
tinocytes could be relevant for the predisposition of
photoaged keratinocytes to malignant transform-
ation. Key words: aging/irritants/photoaging/skin aging.
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Owing to developments in the ®eld of medicine, the average
lifespan has been increased, giving rise to more aged people. People
want to look younger and wish to use anti-aging agents to slow
down the skin aging process. The successful development of such
agents naturally involves an understanding of the mechanisms of
skin aging, which can be broadly divided into photoaging and
intrinsic aging. The latter occurs in nonexposed areas, and occurs
naturally. Epidermis, dermis, and skin appendages progressively lose
their normal functions. Keratinocytes, ®broblasts, and other cells,
which are constituents of skin, change in morphology and function,
and lose their youthful characteristics and abilities (Montagna and
Carlisle, 1979).
Photoaging occurs on sun-exposed skin, such as on the face,
forearm, and hands. In the past this was presumed to be an
acceleration of intrinsic aging, but the two are now considered to
be not only quantitatively but qualitatively different. Deep
wrinkling, more severe roughness and dryness are features of
photoaged skin. Little is known about the pathophysiologic
differences between the two types of aging, and this is particularly
seen in the presence of irritants.
12-O-tetradecanoyl-phorbol-13-acetate (TPA) and sodium
lauryl sulfate (SLS) were selected as model irritants in this study.
TPA is a well-known tumor promoter and its usefulness as a skin
irritant in vitro is well established. SLS on the other hand is a
representative surfactant, which injures the skin barrier. After
treatment with the irritants, we measured the levels of several
cytokines and proto-oncogenes. Interleukin (IL)-1a is the principal
cytokine secreted by keratinocytes (Kupper, 1990), whereas IL-6 is
involved in photoaging and immunoglobulin production
(Wlaschek et al, 1993). IL-1ra (IL-1 receptor antagonist) is a
competitive inhibitor of IL-1a (Schwarz et al, 1987; Bigler et al,
1992), and exerts a homeostatic effect. C-fos is one of the proto-
oncogenes located in the nucleus (Marx, 1987; Sharpe et al, 1994),
and its expression increases in response to various stimuli. C-myc is
a transcription factor that is highly expressed in proliferating cell;
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however, its expression is decreased during the differentiation stages
(Griep and Deluca, 1986). Our objective was to compare the
production and expression of cytokines and proto-oncogenes
during both photoaging and intrinsic aging in response to a tumor
promoter (TPA) and surfactant (SLS), which injures skin barrier.
MATERIALS AND METHODS
Skin specimens Normal foreskins were obtained from the
circumcisions of ®ve newborns and ®ve young adults in their twenties.
After informed consent, sun-exposed and nonexposed skin was obtained
using the suction blistering method, from the dorsal aspect of the distal
forearm and from the medial surface of the proximal thigh of ®ve
volunteers in their ®fties (aged 55 6 1.6), and ®ve volunteers in their
seventies (aged 74 6 2). Epidermis was obtained by applying a negative
pressure of 250 mmHg for 2 h using a suction device (Schuco-Vac,
American Caduceus Industries, New York, NY). All of these were
approved by the Institutional Review Board.
Keratinocyte culture Keratinocytes were cultured as described
previously (Boyce and Ham, 1983). In the case of the foreskin, the
epidermal sheet was separated from the dermis after exposing it to
collagenase for 90 min. The cells were then liberated from the epidermal
sheet by a 10 min exposure to trypsin±ethylenediamine tetraacetic acid
(0.025±0.01%). Keratinocytes were inoculated into the culture ¯asks at a
density of 1 3 104 per cm2 and then cultured in keratinocyte growth
media (Clonetics, San Diego, CA) until 80% con¯uence. Cells were then
liberated using trypsin±ethylenediamine tetraacetic acid (0.025±0.01%)
and inoculated into culture dishes at a density of 2 3 103 per cm2. This
second passage of cultured keratinocytes was used for experimentation
after culturing at 37°C in 5% CO2 until 80% con¯uence.
Treatments of irritants The appropriate doses and durations of
treatments with TPA and SLS were determined after many preliminary
experiments. These were performed to achieve maximum cytokine (IL-
1a, IL-1ra, IL-6) production without greatly affecting cell viability. On
the basis of this work, we decided to treat TPA at a concentration of
50 ng per ml. The concentration of SLS was determined to be 10±6 M.
Cell viability was tested using 3-(4,5-dimethyl-thiazole-2-yl)-2,5-
diphenyl tetrazolium bromide assay (Mosmann, 1983; Eun and Suh,
2000).
Measurements of cytokine production After 48 h treatment with
TPA- or SLS-containing medium, the media ¯uid was collected from
the culture dishes and then measured for extracellular cytokine
production. Keratinocytes attached to the bottom of the culture dishes
were disintegrated by repeated exposure to 37°C and ±70°C. After
adding 5 ml of keratinocyte growth media, cells were re-collected from
the culture dishes. The media ¯uid was then centrifuged, and the
supernatant used for the measurement of intracellular cytokine
production. Commercially available enzyme-linked immunosorbent assay
(ELISA) were used for measuring human IL-1a, IL-1ra, and IL-6 (R&D
System, Minneapolis, MN) production. The detection limits of these kits
were 0.5 pg IL-1a per ml, 14 pg IL-1ra per ml and 0.70 pg IL-6 per
ml. All samples and standards were assayed in duplicate, and read using a
Ceres UV900HDi (Bio-tek Instruments Inc., Winooski, VT).
Measurements of proto-oncogene and cytokine expression
Keratinocytes were harvested after 1 and 6 h of stimulation with TPA
and SLS. Total RNA was extracted using the guanidinium thiocyanate±
phenol±chloroform extraction method (Chomczynski and Sacchi, 1987).
To put it brie¯y, keratinocytes were homogenized in a solution
composed of guanidinium thiocyanate, sodium citrate, sarcosyl and 2-
mercaptoethanol. It was then centrifuged after the addition of sodium
acetate, phenol, and chloroform±isoamyl alcohol mixture. Supernatants
were mixed with isopropanol, and centrifuged. After washing with
ethanol, the pellets were suspended in diethyl pyrocarbonate-treated
water. RNA was quanti®ed by its absorbance at 280 nm and purity was
determined by subsequent absorbance at 260 nm. RNA was converted
to cDNA by reverse transcription using the commercially available kit
(Promega, Madison, WI). Known quantities of standard RNA were
mixed with 1 mg of total cellular RNA. Reverse transcription was then
performed at 42°C for 10 min in 20 ml of mixture containing 25 nM
MgCl2, 10 3 reverse transcription buffer, 10 nM deoxyribonucleoside
triphosphate, rRNasin RNAse inhibitor, oligo dT, and AMV reverse
transcriptase. Reactions were stopped by heat inactivation for 10 min at
99°C. Polymerase chain reactions (PCR) were performed in 50 ml
reaction volumes using PCR tubes. A commercially available kit
(Promega, Madison, WI) was used for PCR. The cDNA products were
ampli®ed by PCR in 100 ml of 25 nM MgCl2, thermophilic buffer,
autoclaved distilled water, and 2.5 nM deoxyribonucleoside triphosphate
in the presence of 25 pmol of each of 5¢ and 3¢ primer. Primer was
produced by a specialized company (Bionia, Chungwon, Korea)
(Table I). After the addition of Taq polymerase, PCR was performed
according to the determined temperature pro®le (Table II). After many
preliminary experiments, PCR cycles were determined in each cytokine
or proto-oncogene as the minimum number required to display an
obvious PCR product band on gel electrophoresis.
Quantitation of PCR products We measured the amount of PCR
product semiquantitatively using the established method (Jung et al,
1995). GAPDH and pHCQ were used as standard RNA. pHCQ has
been previously studied as a standard RNA (Jung et al, 1995) and was
donated to us. A constant amount of cellular target RNA was mixed
with varying numbers of standard RNA transcripts and the mixtures
Table I. Oligonucleotide primers and product sizes for cDNAs
mRNA species Primer Sequence (5¢®3¢)
Size of PCR
products(bp)
IL-1a 5¢ GTCTCTGAATCAGAAATCCTTCTATC 420
3¢ CATGTCAAATTTCACTGCTTCATCC
IL-6 5¢ ATGAACTCCTTCTCCACAAGCGC 588
3¢ GAAGAGCCCTCAGGCTGGACTG
IL-1ra 5¢ CAGAAGACCTCCTGTCCTATGAGG 240
3¢ TTCGTCAGGCATATTGGTGAGGCTGAC
c-fos 5¢ GAATAAGATGGCTGCAGCCAAGTGC 698
3¢ AAGGAAGACGTGTAAGCAGTGCAGC
c-myc 5¢ CAAGAGGCGAACACACAACGTCT 216
3¢ AACTGTTCTCGTCGTTTCCGCAA
GAPDH 5¢ GCCAAGGATATCCATGACAACT 200
3¢ CAGGGTCGACCTTGCCCACAGCCTT
Table II. Conditions of PCR according to primers
Primer Temperature and duration Cycle no.
IL-1a 94°C 30 s, 55°C 30 s, 72°C 1 min 28
IL-6 94°C 30 s, 55°C 45 s, 72°C 1 min 30
IL-1ra 94°C 1 min, 55°C 2 min, 72°C 3 min 25
c-fos 95°C 1 min, 55°C 2 min, 72°C 3 min 22
c-myc 94°C 90 s, 55°C 1 min, 72°C 2 min 30
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were reverse transcribed, after which cDNA was ampli®ed as described
above. PCR products were electrophoresed in agarose gels (NuSieve/
Seakem = 1 : 3) and bands were visualized by ethidium bromide
staining. Photographs of the gels were taken with Polaroid 665 ®lm
(Polaroid, St Albans, U.K.), after which the band intensities were
quanti®ed using a densitometer (Bio-Rad GS-670 imaging densitometer,
Bio-Rad Instruments, Hercules, CA). As a marker for PCR product,
Biotin-f174 DNA-HinfI fragment (Life Technologies, Grand Island,
NY) was used. Data were analyzed using the Wilcoxon rank sum test
and the paired t test.
Table IV. Changes in photoaged and intrinsically aged skin after SLS treatment
Cytokine production Cytokine S/C ratioa mRNA expression
Changesb F/Tc Changesb F/Tc Changesb F/Tc
IL-1a ¯ ± d F ± ±
IL-6 ¯ ± d F ± ±
IL-1ra ¯ ± d F ± ±
c-fos ­¯e T
c-myc N/A N/A
aThe ratio of cytokine production in the SLS-treated keratinocytes to that in control keratinocytes.
bCompared with skin from newborns and those in their twenties.
cComparison between forearm (F) and thigh (T): ±, no signi®cant difference between F and T; F, F shows signi®cantly higher value than T; T, T shows signi®cantly
higher value than F.
dSigni®cantly elevated only in the photoaged skin from those in their ®fties
eF, increased; T, decreased.
N/A, Expression was not shown in photoaged and intrinsically aged keratinocytes
Figure 1. Comparison of IL-1a production in keratinocytes
according to age group with TPA treatment. Intracellular and
extracellular IL-1a were measured by ELISA 48 h after cultured
keratinocytes were exposed to 50 nM TPA. In older volunteers in their
®fties and seventies, skin was obtained from the forearm and thigh, each
corresponding to photoaged and intrinsically aged skin. The results
represent mean 6 SD of the results of seven independent experiments in
each age group.
Figure 2. Change of T/C ratio in IL-1a production according to
age groups. The T/C ratio is de®ned as the ratio of cytokine level in
the TPA-treated group to that in the control group. Total IL-1a was
measured by ELISA 48 h after cultured keratinocytes were exposed to
50 nM TPA. Results represent mean 6 SD of the results of seven
independent experiments in each age group.
Table III. Changes in photoaged and intrinsically aged skin after TPA treatment
Cytokine production Cytokine T/C ratioa mRNA expression
Changesb F:Tc Changesb F/Tc Changesb F/Tc
IL-1a ¯ ± ¯ F ¯ F
IL-6 ¯ ± ­ F ­ ±
IL-1ra ¯ T ¯ F ¯ F
c-fos ­¯d F
c-myc ± ±
aThe ratio of cytokine production in the TPA-treated keratinocytes to that in control keratinocytes.
bCompared with skin from newborns and those in their twenties.
cComparison between forearm (F) and thigh (T): ±, no signi®cant difference between F and T; F, F shows signi®cantly higher value than T; T, T shows signi®cantly
higher value than F.
dF, increased; T, decreased.
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RESULTS
The overall results are also summarized in Tables III and IV.
Cell proliferation rate Initially, it is worth stating that the cell
proliferation rate of those in their ®fties and seventies was much
lower than those of young adults and newborns. The primary and
secondary cultures were measured in terms of time. Newborns
were measured as 4.5 6 0.7 and 5.7 6 0.1 d, respectively. Those
in their seventies were measured as 9.7 6 1.3 and 10.4 6 1.7 d.
TPA and IL-1a The absolute amount of total IL-1a was highest
in those in their twenties (Fig 1). Subsequently, total IL-1a
decreased and was lowest in those in their seventies. The T/C ratio,
the ratio of cytokine production in the TPA-treated group to that
in the controls, was measured for each age group (Fig 2). T/C ratio
was 1.11 6 0.26 in newborns and 0.86 6 0.17 in the 20 y age
group. In the 50 y age group, it was found to be 0.54 6 0.14 in the
forearm and 0.43 6 0.13 in the thigh. For those in their seventies,
it was 0.63 6 0.13 in the forearm and 0.41 6 0.11 in the thigh.
This difference between forearm and thigh was found to be
statistically signi®cant (p < 0.05).
IL-1a mRNA was expressed only 6 h after TPA treatment.
Based on the assumption that the quantitative amount of IL-1a
mRNA in newborn keratinocytes is 1, it was determined to be
1.1 6 0.3 in the 20 y age group. In the forearm, it was 0.9 6 0.2
in the 50 y age group and 0.7 6 0.3 in the 70 y age group. In the
thigh, it was 0.9 6 0.2 in the 50 y age group and 0.6 6 0.2 in the
70 y age group. IL-1a mRNA expression showed a decreased
pattern in the aged skin, but no signi®cant difference was found
between the forearm and thigh.
TPA and IL-6 The intracellular portion of IL-6 production was
very small compared with the extracellularly secreted IL-6. In
general, the total production of IL-6 decreased in the 20 y age
group in comparison with newborn keratinocytes, but it increased
in the 50 y age group, falling again in the 70 y age group. The T/C
ratio of IL-6, de®ned as the ratio of IL-6 production in the TPA-
treated group to that in the control group, showed a tendency to
increase signi®cantly with age (Fig 3). In addition, the T/C ratio
was signi®cantly higher in the forearm than in the thigh (p < 0.05).
It was 1.15 6 0.51 in the newborn and 0.80 6 0.10 in the 20 y
age group. It steeply increased in the 50 y age group (forearm,
4.89 6 1.61; thigh, 2.05 6 0.51) and the 70 y age group (forearm,
9.65 6 2.38; thigh 7.83 6 2.01).
IL-6 mRNA was not expressed at 1 h. It was found only after
6 h in the TPA-treated group. Making the assumption that the
quantitative IL-6 mRNA expression of TPA-treated newborn
keratinocytes is 1, the semiquantitative ratio of IL-6 mRNA
expression was 1.3 6 0.3 in the 20 y age group. The ratios of the
photoaged forearm were 2.2 6 0.4 in the 50 y age group and
2.3 6 0.5 in the 70 y age group. In the intrinsically aged medial
thigh, they were 1.5 6 0.3 in the 50 y age group and 2.6 6 0.4 in
the 70 y age group. Compared with newborn keratinocytes, there
was an increasing tendency in the older groups (p < 0.05), although
no relationship was found between forearm and thigh.
TPA and IL-1ra The production of IL-1ra in response to TPA
is shown in Fig 4. The intracellular level was found to be much
higher than the extracellular level. The total IL-1ra was at a
maximum in the 20 y age group and then rapidly decreased in the
photoaged and intrinsically aged keratinocytes. The 50 y age group
showed no signi®cant difference in the total IL-1ra level between
thigh and forearm (forearm, 21701 6 3101 pg per ml; thigh,
21868 6 2003 pg per ml); however, in terms of extracellularly
secreted IL-1ra, the intrinsically aged thigh (1547 6 112 pg per
ml) showed signi®cantly higher amounts than the photoaged
forearm (987 6 66 pg per ml). In the 70 y age group, the thigh
showed greater production of both total (11417 6 1221 pg per ml)
and extracellular (1096 6 133 pg per ml) IL-1ra than the forearm
(5354 6 628 pg per ml and 354 6 39 pg per ml, respectively).
The T/C ratio of IL-1ra, the ratio of total IL-1ra production in
the TPA-treated group in comparison with the control group, was
Figure 3. Change of T/C ratio in IL-6 production according to
age groups. The T/C ratio is de®ned as the ratio of cytokine level in
the TPA-treated group to that in the control group. Results represent
mean 6 SD of the results of seven independent experiments in each age
group.
Figure 4. Comparison of IL-1ra production in keratinocytes
according to age groups with TPA treatment. Intracellular and
extracellular IL-1ra were measured by ELISA 48 h after cultured
keratinocytes were exposed to 50 nM TPA. Results represent
mean 6 SD of the results of seven independent experiments in each age
group.
Figure 5. Change of T/C ratio in IL-1ra production according to
age groups. T/C ratio is de®ned as the ratio of cytokine level in the
TPA-treated group to that in the control group. Results represent
mean 6 SD of the results of seven independent experiments in each age
group.
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4.41 6 0.71 in newborns and 6.98 6 1.10 in the 20 y age group
(Fig 5). In the 50 y age group, it was 3.74 6 0.32 in the forearm
and 4.18 6 0.39 in the thigh. In the 70 y age group, the T/C ratio
of IL-1ra was 1.57 6 0.29 in the forearm and 3.31 6 0.25 in the
thigh. The T/C ratio decreased signi®cantly in photoaged and
intrinsically aged keratinocytes in comparison with the young adult
keratinocytes. In addition, the difference between photoaged and
intrinsically aged skin was found to be statistically signi®cant (p
< 0.05).
In the control group, IL-1ra mRNA was undetectable at 1 h, but
was expressed after 6 h. In the TPA-treated group, IL-1ra mRNA
was found at both 1 and 6 h. Comparison of IL-1ra mRNA
expression in the TPA-treated keratinocytes with age-matched
controls showed a ratio of 1.5 6 0.3 in the newborns and
3.2 6 0.3 in the 20 y age group. In the 50 y age group, it was
2.0 6 0.2 in the thigh and 2.9 6 0.3 in the forearm. In the 70 y
age group, it was 1.9 6 0.2 in the thigh and 2.2 6 0.2 in the
forearm.
TPA and c-fos In the control groups, c-fos expression had
barely detectable levels after 1 h and was undetectable at 6 h
(Fig 6). This tendency was more obvious in the 50 or 70 y age
groups, where c-fos expression was sometimes not shown at all.
When treated with TPA, c-fos was strongly expressed at 1 h, but c-
fos expression was weaker at 6 h. Quantitative comparison of c-fos
expression at 1 h in TPA-treated keratinocytes with control
keratinocytes showed the following: 3.8 6 0.5 in the newborns,
3.8 6 0.6 in the 20 y age group, 4.8 6 0.5 on the forearm of the
50 y age group, 2.4 6 0.4 on the thigh of the 50 y age group,
4.1 6 1.4 on the forearm of the 70 y age group, and 2.0 6 0.5 on
the thigh of the 70 y age group (Fig 7). This graph shows increased
c-fos expression in the forearm keratinocytes and shows a
signi®cant difference from the thigh (p < 0.05), which showed a
tendency to decrease with age.
TPA and c-myc In both TPA-treated and control
keratinocytes, c-myc was weakly expressed at 1 h, but not
expressed at 6 h (Fig 8). After 1 h of TPA treatment, the
semiquantitative ratios of c-myc expression were compared with
the control group. The results were 0.31 6 0.10 in newborns,
0.33 6 0.07 in the 20 y age group, 0.27 6 0.05 on the thigh of
the 50 y age group, 0.35 6 0.08 on the forearm of the 50 y age
group, 0.30 6 0.06 on the thigh of the 70 y age group and
0.37 6 0.09 on the forearm of the 70 y age group. These ®gures
showed no statistical signi®cance with respect to aging. In addition,
Figure 6. Reverse transcription±PCR results for c-fos expression
in response to TPA according to age groups. Two hundred base
pair GAPDH was used as a positive RNA control. c-fos cDNA of
698 bp was well shown in 1 h TPA-treated samples and weakly shown
in 6 h TPA-treated samples. In controls, c-fos bands were faintly shown
at 1 h and did not sometimes appear at 6 h. The data represent one of
seven identical experiments. ±, controls in each age group; +, TPA-
treated samples in each age group; M, marker; F, forearm; T, thigh.
Figure 7. Quantitative comparison of c-fos expression after TPA
treatment according to age groups. The amounts of PCR products
(Fig 6) were measured semiquantitatively using the established method.
Results represent mean 6 SD of the results of seven independent
experiments in each age group.
Figure 8. Reverse transcription±PCR results for c-myc
expression in response to TPA according to age groups. Two
hundred base pair GAPDH was used as a positive RNA control. C-myc
cDNA of 216 bp size was well shown in 1 h controls and was weakly
shown in 1 h TPA-treated samples, C-myc was not detected in the 6 h
samples. The data represent one of seven identical experiments. ±,
controls in each age group; +, TPA-treated samples in each age group;
M, marker; F, forearm; T, thigh.
Figure 9. Change of S/C ratio in IL-1a production according to
age groups. The S/C ratio is de®ned as the ratio of cytokine level in
the SLS-treated group to that in the control group. Total IL-1a was
measured by ELISA 48 h after cultured keratinocytes were exposed to
10±6 M SLS. The graph takes a triangular shape, showing a peak in the
forearm of volunteers in their ®fties. Results represent mean 6 SD of
the results of seven independent experiments in each age group.
VOL. 117, NO. 5 NOVEMBER 2001 IRRITANT REACTION IN AGING AND PHOTOAGING 1229
there was no signi®cant difference between forearm and thigh,
although c-myc was found to be somewhat higher in the forearm.
SLS and IL-1a Total IL-1a production in response to SLS
treatment was 996 6 91 (pg per ml) in newborns, 894 6 143 in
young adults, 684 6 144 on the forearm of the 50 y age group,
944 6 140 on the thigh of the 50 y age group, 620 6 129 on the
forearm of the 70 y age group, and 530 6 130 on the thigh of the
70 y age group. The intracellularly secreted amount was much
greater than that secreted extracellularly. No signi®cant difference
was found between the forearm and the thigh.
The S/C ratio, the ratio of cytokine production in SLS-treated
keratinocytes compared with control keratinocytes, of IL-1a
according to age groups is shown in Fig 9. It was found to be
0.56 6 0.10 in the newborns, 0.95 6 0.17 in young adults,
1.73 6 0.26 on the forearm of the 50 y age group, 0.95 6 0.21 on
the thigh of the 50 y age group, 0.91 6 0.15 on the forearm of the
70 y age group, and 1.15 6 0.14 on the thigh of the 70 y age
group.
IL-1a mRNA was not expressed after 1 h. At 6 h, and with the
amount of IL-1a mRNA in the newborn set as 1, a quantitative
comparison was done. It showed 1.2 6 0.3 in young adults,
1.2 6 0.2 on the forearm of the 50 y age group, 1.1 6 0.2 on the
thigh of the 50 y age group, 1.1 6 0.3 on the forearm of the 70 y
age group and 1.0 6 0.2 on the thigh of the 70 y age group. There
was no obvious change with respect to aging or location.
SLS and IL-6 As shown in Fig 10, both total and extracellularly
secreted IL-6 levels were signi®cantly decreased in the 50 and 70 y
age groups. The intracellular portion was found to be much smaller
than the extracellular portion. The S/C ratio of IL-6 was
1.03 6 0.17 in newborns, 1.16 6 0.20 in young adults,
1.75 6 0.20 on the forearm of the 50 y age group, 1.08 6 0.18
on the thigh of the 50 y age group, 1.05 6 0.20 on the forearm of
the 70 y age group and 1.04 6 0.16 on the thigh of the 70 y age
group (Fig 11).
IL-6 mRNA was not expressed in the control keratinocytes. In
SLS-treated keratinocytes, IL-6 mRNA was observed after 6 h.
Setting the mRNA expression level as 1 in the newborns,
quantitative comparison showed 1.5 6 0.3 in the 20 y age
group, 1.2 6 0.3 on the forearm of the 50 y age group,
1.3 6 0.2 on the thigh of the 50 y age group, 1.0 6 0.3 on the
forearm of the 70 y age group, and 0.8 6 0.3 on the thigh of the
70 y age group.
SLS and IL-1ra As shown in Fig 12, the intracellular level was
much greater than the extracellularly secreted quantity. Total IL-
1ra production was 34,301 6 1364 (pg per ml) in newborns,
36,303 6 4214 in young adults, 26,807 6 2807 on the forearm of
the 50 y age group, 28,014 6 3114 on the thigh of the 50 y age
group, 14,014 6 3047 on the forearm of the 70 y age group, and
18,707 6 2544 on the thigh of the 70 y age group. Total IL-1ra
Figure 10. Comparison of IL-6 production in keratinocytes
according to age groups with SLS treatment. Results represent
mean 6 SD of the results of seven independent experiments in each age
group.
Figure 11. Change of S/C ratio in IL-6 production according to
age groups. S/C ratio is de®ned as the ratio of cytokine level in the
SLS-treated group to that in the control group. The graph takes a
triangular shape, showing a peak in the forearm of volunteers in their
®fties. Results represent mean 6 SD of the results of seven independent
experiments in each age group.
Figure 12. Comparison of IL-1ra production in keratinocytes
according to age groups with SLS treatment. Results represent
mean 6 SD of the results of seven independent experiments in each age
group.
Figure 13. Change of S/C ratio in IL-1ra production according
to age groups. S/C ratio is de®ned as the ratio of cytokine level in the
SLS-treated group to that in the control group. The graph takes a
triangular shape, showing a peak in the forearm of volunteers in their
®fties. Results represent mean 6 SD of the results of seven independent
experiments in each age group.
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production signi®cantly decreased upon aging (p < 0.05), although
there was no great difference between forearm and thigh.
The S/C ratio of IL-1ra was 1.70 6 0.41 in newborns,
1.26 6 0.14 in the 20 y age group, 5.11 6 0.57 on the forearm
of the 50 y age group, 1.87 6 0.17 on the thigh of the 50 y age
group, 1.49 6 0.15 on the forearm of the 70 y age group, and
1.63 6 0.21 on the thigh of the 70 y age group (Fig 13). IL-1ra
mRNA was sometimes not expressed at 1 h, but was clearly shown
at 6 h. mRNA levels were more than three times higher in SLS-
treated keratinocytes, with a peak of 4.2 6 0.6 in those in their
twenties, as compared with the age-matched control.
SLS and c-fos In newborns and young adults, c-fos expression
was observed at 1 h and continued until 6 h (Fig 14). In
photoaged and intrinsically aged keratinocytes, it was either
absent or present in only trace quantities at 1 h, but was readily
detected at 6 h. Setting the level of c-fos expression at 1 h in
newborn control keratinocytes as 1, SLS-treated keratinocytes were
5.4 6 0.6 at 1 h, and 4.1 6 0.5 at 6 h in the newborns. In young
adults, they were 5.4 6 0.5, and 4.3 6 0.3, respectively (Fig 15).
The comparative ratio of c-fos expression at 6 h was 2.0 6 0.4 on
the forearm of the 50 y age group, 7.0 6 1.4 on the thigh of the
50 y age group, 1.8 6 0.6 on the forearm of the 70 y age group,
and 7.2 6 0.9 on the thigh of the 70 y age group. There was a
signi®cant difference between the sun-exposed and nonexposed
sites (p < 0.01) (Fig 15).
SLS and c-myc In the control group, only weak expression was
noted at 1 h. In the SLS-treated keratinocytes, c-myc was found
only in newborns and young adults at 1 h. On the basis of setting
the level of c-myc expression at 1 h in the control keratinocytes of
newborns to 1, the strength of expression of the SLS-treated groups
was 1.5 6 0.7 in newborns and 1.5 6 0.5 in the 20 y age group.
DISCUSSION
The aging process is considered to be the result of a series of
changes. These changes include the decreased function of cells, an
insuf®cient response to environmental stimuli, and poor mainten-
ance of homeostasis. These changes occur in aged skin and are
rather accentuated in photoaged skin, which is related to skin
carcinogenesis (Gilchrest et al, 1994); however, the underlying
physiologic and biochemical mechanism and phenomena are not
well known. This study was undertaken to elucidate the aging
process and the differences between photoaged and intrinsically
aged skin further, in terms of the production and expression of
cytokines and proto-oncogenes in response to TPA and SLS.
In general, the cell proliferation rate was found to be much lower
in the photoaged and intrinsically aged keratinocytes. In practice,
this meant that con¯uence was sometimes not achieved because cell
proliferation ceased. Because of insuf®cient cell numbers, the
amount of RNA was limited, which is why we performed reverse
transcription±PCR instead of northern blot, as had been previously
reported by other investigators (Rheinwald and Green, 1975;
Gilchrest, 1983). It is hard to say that people of the same age exhibit
the same degree of aging. If photoaged and intrinsically aged skin
originated from different volunteers, it was not possible to compare
and analyze the results of experiments. In this study, we used the
®xed portion of sun-exposed forearm and nonexposed thigh as
examples of photoaged and intrinsically aged skin. This allowed us
to minimize variations in volunteer samples and to increase the
validity of comparisons.
IL-1a production decreased upon aging in controls and TPA-
treated keratinocytes, which re¯ects that general biologic functions
are decreasing upon aging. IL-6 production was also markedly
decreased in the 70 y age group. The T/C ratios of both IL-1a and
IL-6 were signi®cantly different in the photoaged and intrinsically
aged skin in the 50 and 70 y age groups. This means that photoaged
skin has different characteristics from the intrinsically aged skin. IL-
6 production was found to be increased when stimulated by TPA,
which was consistent with the results of other investigators
(Kirnbauer et al, 1989). The T/C ratio of IL-6 was also increased
upon increasing age. On the contrary, IL-1a production decreased
after TPA treatment, which was somewhat different from the
results of other studies (Blanton et al, 1989; Zhang et al, 1994). In
addition, the T/C ratio of IL-1a was even more decreased upon
aging. These relationships were not changed after repeated
experiments. The difference may be due to different TPA
concentrations, or interactions with other constituents of the
medium. In summary, both IL-1a and IL-6 decreased in aged
persons after TPA treatment; however, there were clear differences
in the pattern of changes as compared with the controls (T/C
ratio). This also means that cytokine production may be dependent
upon the type of stimulant used, because some irritants such as
UVB are known to increase the production of both IL-1a and IL-
6. UVB is suggested to increase IL-6 by way of IL-1a (Chung et al,
1996). In the case of TPA, IL-6 production may be caused by other
mediators or signal transduction pathways.
It was found that TPA treatment increased the level of IL-1ra by
a factor of 6.98 in the 20 y age group as compared with controls.
This is consistent with the report by Rasmussen and Celis (1993).
This effect of TPA was also demonstrated in the induction of IL-1ra
mRNA. The absolute amount of IL-1ra decreased with age. We
speculate that IL-1ra functions as a competitive inhibitor of IL-1, so
Figure 14. Reverse transcription±PCR results for c-fos expression
in response to SLS according to age groups. C-fos cDNA bands
were well shown in 1 h SLS-treated samples of newborns and young
adults and they were also shown in 6 h SLS-treated samples. In the
samples of older persons, c-fos bands were strongly shown only at 6 h.
The data represent one of seven identical experiments. ±, controls in
each age group; +, SLS-treated samples in each age group; F, forearm;
T, thigh.
Figure 15. Quantitative comparison of c-fos expression 6 h after
SLS treatment according to age groups. The amounts of PCR
products in Fig 14 were measured semiquantitatively using the
established method. Results represent mean 6 SD of the results of seven
independent experiments in each age group.
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that IL-1ra is produced to a lesser extent in lines showing a decrease
in IL-1 production upon aging. As a kind of balance mechanism, it
is suggested that it is no more necessary to produce a large amount
of IL-1ra in aged skin that produces a smaller amount of IL-1
compared with young skin. Hirao et al (1996) stated that the ratio of
IL-1ra to IL-1a in the stratum corneum is about 100 : 1 on sun-
exposed skin, and is age-independent; however, they contend that
the ratio is 8 : 1 on nonexposed skin, and decreases with age. In
this study, which used the keratinocyte culture produced from
epidermis, the total amount of IL-1ra decreased with aging. It was
also found that there was a signi®cant difference between the
forearm and the thigh.
In addition to IL-1ra, the type 2 IL-1 receptor also acts as a
homeostatic inhibitor to IL-1 (Groves et al, 1995). Type 2 IL-1
receptor binds to the IL-1 receptor without a further operating
signal transduction pathway, so that it not only expresses an
antagonistic action to IL-1 but also plays a part as a scavenger for
the oversecreted IL-1. In future studies, it may be worthwhile to
determine how the levels of type 2 IL-1 receptor change with IL-
1ra and IL-1a levels in the same skin sample.
c-fos expression by TPA treatment also signi®ed that the
response to external stimuli is decreased with age, because
keratinocytes from the intrinsically aged thigh showed decreased
c-fos expression compared with those from newborns or young
adults. This result is consistent with the general concept of aging;
however, the photoaged forearm keratinocytes had higher levels of
c-fos expression than those of newborns or young adults, which
showed a clear distinction from the intrinsically aged keratinocytes.
Yaar et al (1993) stated that c-fos was much more highly expressed
after TPA treatment in the malignant keratinocyte cell line SCC
12F, as compared with controls. It is believed that the keratinocytes
of photoaged skin may become similar to malignant keratinocytes
in terms of proto-oncogene expression. This may be because
photoaged skin has suffered chronic structural and functional
alterations due to the long time exposure to sunlight. This is shown
by the fact that precancerous lesions, like actinic keratosis, are likely
to occur on such chronically sun-exposed skin. In contrast with
photoaged skin, intrinsically aged thigh skin showed much lower c-
fos expression compared with the skin of newborns or young
adults. We believe that this is quite reasonable because cells of low
proliferating capacity have suppressed proto-oncogene expression
(Seshadri and Campisi, 1990).
We found it remarkable that c-myc behaved differently from c-
fos. It has been suggested by many studies that the c-myc expression
of keratinocytes is downregulated by TPA treatment (Younus and
Gilchrest, 1992; Saunders et al, 1993; Yaar et al, 1993; Sharpe et al,
1994; Sears et al, 1995). This is because c-myc is highly expressed in
rapidly proliferating cells and suppressed in differentiating cells.
TPA is a well-known inducer of cell differentiation. Our study
involved the ®rst investigation of the effects of aging on c-myc
expression by TPA treatment. Our results show that aging and
photoaging cause no signi®cant effects in this respect. This may
have been because the amount of c-myc expression was not at a
high level initially and TPA suppressed its expression substantially.
In future studies, it may be informative to decrease the TPA
concentration and to subdivide the ®rst hour time period to
examine the subtle changes of c-myc expression. In our experi-
ments, we saw that the expression of c-myc did not occur at 6 h.
Yaar et al (1993) stated that c-myc expression with TPA treatment
is not seen after 2 h. C-fos or c-myc expression seems to be subject
to change by subtle differences in the experimental conditions
(Younus and Gilchrest, 1992; Fischer et al, 1993; Sears et al, 1995).
SLS has been used as a representative surfactant in many studies
(Van der Valk et al, 1984; Wilhelm et al, 1989). It alters the skin
barrier and causes skin irritation, without inducing mutant or
carcinogenic effects. It is known that various kinds of cytokines
may be produced in the epidermis as a result of irritant reactions;
however, to date there has been no reported study concerning the
dependence of cytokine production by SLS upon photoaging and
intrinsic aging. It has been shown in this study that IL-1a, IL-6,
and IL-1ra production was reduced in people in their seventies,
which was similar to the TPA treatment ®ndings. It was interesting
to ®nd that S/C ratio was uniquely elevated in the forearms of the
50 y age group, when IL-1a, IL-6, and IL-1ra were measured after
SLS treatment (Figs 9, 11, and 13). It may be suggested that
keratinocytes in both the ®fties and seventies age groups are
indicative of the aging process; however, their responses to irritants
differ quantitatively. As already described, IL-1a and IL-1ra
production in the 50 y age group is similar to those in the 20 y
age group; however, IL-1a and IL-1ra production is much more
decreased in the 70 y age group. It is not known how the irritant
effects of SLS differ on photoaged and intrinsically aged skin. It may
be suggested from our study that photoaged skin, compared with
intrinsically aged skin, has a greater capability to respond to
substances such as surfactants, which disrupt the skin barrier after
contacting the epidermis directly. The same process did not occur
on the photoaged skin of the 70 y age group. The reason for this
may be that the degree of aging process itself has much progressed
and caused an increased loss of the ability of skin to respond to
external irritants. With SLS treatment, a strong expression of c-fos
was seen until the 6 h time-point, irrespective of age; however, c-
myc was not expressed in the photoaged and intrinsically aged
keratinocytes. C-fos may be highly expressed in cells in response to
irritants as well as carcinogens. It has been also reported that c-fos
expression may be induced in the surrounding nerves by acetic
acid, formalin, and mechanical stimuli (Birder and De Groat, 1992;
Nozaki et al, 1992; Ding et al, 1994). These may provide extensions
to the explanation given for the elevated c-fos expression in
response to SLS. This expression of c-fos was quite different from
that observed in the case of TPA treatment because nonexposed
skin showed higher c-fos expression. This difference may provide
more evidence that the reaction patterns of photoaged and
intrinsically aged skin may be different in response to different
types of stimuli.
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We must thank Professor Hyun Chae Jung for helping us in the quantitation of
PCR products. Also, Soon Young Jeon gave us great technical assistance.
REFERENCES
Bigler CF, Norris DA, Weston WL, Arend WP: Interleukin-1 receptor antagonist
production by human keratinocytes. J Invest Dermatol 98:38±44, 1992
Birder LA, De Groat WC: Increased c-fos expression in spinal neurons after irritation
of the lower urinary tract in the rat. J Neurosci 12:4878±4889, 1992
Blanton RA, Kupper TS, McDougall JK, Dower S: Regulation of interleukin 1 and
its receptor in human keratinocytes. Proc Natl Acad Sci USA 86:1273±1277,
1989
Boyce ST, Ham RG: Calcium regulated differentiation of normal human epidermal
keratinocytes in chemically de®ned clonal culture and serum free serial culture.
J Invest Dermatol 81:33S±40S, 1983
Chomczynski P, Sacchi N: Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal Biochem
162:156±159, 1987
Chung JH, Youn SH, Koh WS, Eun HC, Cho KH, Park KC, Youn JI: Ultraviolet B
irradiation-enhanced interleukin (IL) -6 production and mRNA expression are
mediated by IL-1a in cultured human keratinocytes. J Invest Dermatol 106:715±
720, 1996
Ding YQ, Qin BZ, Li JS, Mizuno N: Induction of c-fos-like protein in the
spinoparabrachial tract neurons locating within the sacral parasympathetic
nucleus in the rat. Brain Res 659:283±286, 1994
Eun HC, Suh DH: Comprehensive outlook of in vitro tests for assessing skin irritancy
as alternatives to Draize tests. J Dermatol Sci 24:77±91, 2000
Fischer SM, Lee ML, Maldve RE, et al: Association of protein kinase C activation
with induction of ornithine decarboxylase in murine but not human
keratinocyte cultures. Mol Carcinog 7:228±237, 1993
Gilchrest BA: In vitro assessment of keratinocyte aging. J Invest Dermatol 81:184S±
189S, 1983
Gilchrest BA, Garmyn M, Yaar M: Aging and photoaging affect gene expression in
cultured human keratinocytes. Arch Dermatol 130:82±86, 1994
Griep AE, Deluca HF: Decreased expression of c-myc is an early event in retinoic
acid induced differentiation of F-9 teratocarcinoma cells. Proc Natl Acad Sci
USA 83:5539±5543, 1986
Groves RW, Giri J, Sims J, Dower SK, Kupper TS: Inducible expression of type 2
1232 SUH ET AL THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
IL-1 receptors by cultured human keratinocytes. J Immunol 154:4065±4072,
1995
Hirao T, Aoki H, Yoshida T, Sato Y, Kamoda H: Elevation of interleukin 1 receptor
antagonist in the stratum corneum of sun-exposed and ultraviolet B-irradiated
human skin. J Invest Dermatol 106:1102±1107, 1996
Jung HC, Eckmann L, Yang SK, Panja A, Fierer J, Morzycka-Wroblewska E,
Kagnoff MF: A distinct array of proin¯ammatory cytokines is expressed in
human colon epithelial cells in response to bacterial invasion. J Clin Invest
95:55±65, 1995
Kirnbauer R, Kock A, Schwarz T, et al: IFN-b2, B cell differentiation factor 2, or
hybridoma growth factor (IL-6) is expressed and released by human epidermal
cells and epidermoid carcinoma cell lines. J Immunol 142:1922±1928, 1989
Kupper TS: Immune and in¯ammatory processes in cutaneous tissues: mechanisms
and speculations. J Clin Invest 86:1783±1790, 1990
Marx JL: The fos gene as ``master switch''. Science 237:854±856, 1987
Montagna W, Carlisle K: Structural changes in aging human skin. J Invest Dermatol
73:47±50, 1979
Mosmann T: Rapid colorimetric assay for cellular growth and survival: Application to
proliferation and cytotoxicity assay. J Immunol Methods 65:55±63, 1983
Nozaki K, Boccalini P, Moskowitz MA: Expression of c-fos-like immunoreactivity
in brainstem after meningeal irritation by blood in the subarachnoid space.
Neuroscience 49:669±680, 1992
Rasmussen HH, Celis JE: Evidence for an altered protein kinase C signaling pathway
in psoriasis. J Invest Dermatol 101:560±566, 1993
Rheinwald JG, Green H: Serial cultivation of strains of human epidermal
keratinocytes: the formation of keratinizing colonies from single cells. Cell
6:331±334, 1975
Saunders NA, Bernacki SH, Vollberg TM, Jetten AM: Regulation of
transglutaminase type I expression in squamous differentiating rabbit tracheal
epithelial cells and human epidermal keratinocytes: effects of retinoic acid and
phorbol esters. Mol Endocrinol 7:387±398, 1993
Schwarz T, Urbanska A, Gschnait F, Luger TA: UV-irradiated epidermal cells
produce a speci®c inhibitor of interleukin 1 activity. J Immunol 138:1457±1463,
1987
Sears WL, Goto-Mandeville R, Mirapuri M, Braun L: Effects of 12-o-tetra-
decanoylphorbol-13-acetate on human papillomavirus type 16-positive
keratinocytes at different stages of transformation. Mol Carcinog 13:146±156,
1995
Seshadri T, Campisi J: Repression of c-fos transcription and altered genetic program
in senescent human ®broblasts. Science 247:205±208, 1990
Sharpe GR, Fisher C, Redfern CPF: Changes in oncogene mRNA expression
during human keratinocyte differentiation. Arch Dermatol Res 286:476±480,
1994
Van der Valk PJM, Nater JP, Bleumink E: Skin irritancy of surfactants as assessed by
water vapor loss measurements. J Invest Dermatol 82:291±293, 1984
Wilhelm KP, Surber C, Maibach HI: Quanti®cation of sodium lauryl sulfate irritant
dermatitis in man: comparison of four technique: skin color re¯ectance,
transepidermal water loss, laser Doppler ¯ow measurement and visual scores.
Arch Dermatol Res 281:293±295, 1989
Wlaschek M, Bolsen K, Herrmann G, et al: UVA-induced autocrine stimulation of
®broblast-derived collagenase by IL-6: a possible mechanism in dermal
photodamage? J Invest Dermatol 101:164±170, 1993
Yaar M, Gilani A, DiBenedetto PJ, Harkness DD, Gilchrest BA: Gene modulation
accompanying differentiation of normal versus malignant keratinocytes. Exp
Cell Res 206:235±243, 1993
Younus J, Gilchrest BA: Modulation of mRNA levels during human keratinocyte
differentiation. J Cell Physiol 152:232±239, 1992
Zhang JZ, Maruyama K, Ono I, Nihei Y, Iwatsuki K, Kaneko F: Effects of etretinate
on keratinocyte proliferation and secretion of interleukin-1 alpha and IL-8. J
Dermatol 21:633±638, 1994
VOL. 117, NO. 5 NOVEMBER 2001 IRRITANT REACTION IN AGING AND PHOTOAGING 1233
